Nitric oxide (NO) plays a key role in synaptic transmission efficiency in the central nervous system. To gain an insight on the role of NO in cerebellar functions, we, here, measured the dynamics of the horizontal optokinetic response (HOKR) and vestibulo-ocular reflex (HVOR), and the adaptation of HOKR in mice locally injected with N G -monomethyl-L-arginine (L-NMMA) that inhibits NO synthesis and in mice devoid of neuronal nitric oxide synthase (nNOS). Local application of L-NMMA into the cerebellar flocculi induced no change in the dynamics of the HOKR but markedly depressed the adaptation of the HOKR induced by 1 hr of sustained screen oscillation. A slight difference was seen in the HOKR but not in the HVOR dynamics between nNOS −/− mutant and wild-type mice. One hour of sustained screen oscillation induced adaptation of the HOKR gains in wild-type mice but not in mutants. These observations suggest that NO is essential for the adaptation of the HOKR and that nNOS is the major enzyme for NO synthesis in the process.
Nitric oxide (NO) plays a number of important roles as a biological messenger molecule. In the central nervous system, the importance of NO in neural plasticity has recently been recognized. In the cerebellum, conjunctive stimuli to parallel and climbing fibers evoke long-term depression (LTD) of synaptic transmission of parallel fiber-Purkinje cell synapses (Ito et al. 1982; Ekerot and Kano 1985) . The role of NO in induction of cerebellar LTD was first suggested by Ito and Karachot (1990) and Crepel and Jaillard (1990) , based on findings that the application of N G -monomethyl-Larginine (L-NMMA), an inhibitor of NO synthesis, or hemoglobin, an NO scavenger, prevented induction of LTD in cerebellar slices. Furthermore, release of endogenous NO was observed at induction of cerebellar LTD (Shibuki and Okada 1991) . It has also been demonstrated that photorelease of caged NO inside the Purkinje cell with either depolarization or uncaged [Ca 2 + ] i is sufficient to induce LTD in cerebellar slices (Lev-Ram et al. 1995 , 1997a , further supporting the role of NO in cerebellar LTD.
NO is produced from arginine by nitric oxide synthase (NOS). Three major isoforms of NOS have been identified: neuronal NOS (nNOS), endothelial NOS (eNOS), and inducible NOS (iNOS). nNOS is prominent in neurons and particularly abundant in the granule cells in the cerebellum (Knowles and Moncada 1994; Kobzik et al. 1994; Rodrigo et al. 1994) . eNOS is also expressed in the granule cells at a lesser level than nNOS (Dinerman 1994) . Because Lev-Ram et al. (1997b) observed no signs of LTD in whole-cell patch clamped Purkinje cells in cerebellar slices obtained from nNOS −/− mutant mice, nNOS appears to be the major source of NO essential for LTD in cerebellar slice. However, it has not been established whether the deficits of LTD link to anomalies in motor controls mediated by the cerebellum. Marr (1969) and Albus (1971) proposed a synaptic plasticity as a cellular mechanism of learning in the cerebellum. Ito (1989) suggests that cerebellar LTD underlies the cerebellar-dependent motor learning. Previous studies have shown that applications of either an inhibitor for NO synthesis or NO scavenger, which block cerebellar LTD, impair some forms of motor learning, such as adaptation of the horizontal vestibulo-ocular reflex (HVOR) Li et al. 1995) , smooth pursuit eye movement (Nagao and Kitazawa 2000) , coordinated locomotion (Yanagihara and Kondo 1996) , and eyeblink conditioning (Chapman et al. 1992) . Recently, we developed a method for measuring the horizontal optokinetic response (HOKR) and HVOR eye movements and an adaptation paradigm for the HOKR in mice (Katoh et al. 1998 ). We revealed here by local appli-cation of L-NMMA that NO-dependent cascades in the flocculus underlie the adaptation of the HOKR, and we observed the impaired adaptation of the HOKR in nNOS −/− mutant mice. These results from both pharmacological and genetical methods consistently indicate the important role of NO in the adaptation of the HOKR and of nNOS in cerebellar functions.
RESULTS

Local Application of L-NMMA Impaired the Adaptation of the HOKR
To assess the role of cerebellar NO for the adaptation of the HOKR, we applied either 0.5 µl of 20 mM L-NMMA, a specific NO synthesis blocker, or the same amount of 20 mM D-NMMA, an inactive isomer of L-NMMA, to the flocculi of C57BL/6 mice via the paraflocculi. To confirm the diffusibility of chemicals and reproducibility of the applications, 0.5 µl of 1% FITC/PBS (pH 7.4) was injected into four C57BL/6 mice in the same manner as D-or L-NMMA/PBS (pH 7.4). FITC reproducibly diffused over the flocculus in this protocol. In three of four mice, FITC diffused over nearly whole areas of flocculi bilaterally. In the remaining one mouse, FITC diffused over nearly the whole area of the right flocculus and about a two-thirds area of the left flocculus. A representative result is shown in Figure 5 , B and C. To see the effects of these chemical application on the dynamics of eye movement (meaning multiple measures of gains and phases at different screen velocities), we measured the HOKR, because the HOKR dynamics were stable during 1-hr restraining in the apparatus (Katoh et al. 1998) . No differences were seen in the HOKR after applications of 20 mM D-NMMA or L-NMMA (Fig. 1A,B) . The phase lags of the HOKR were very small (+2°to −2°) and not altered by applications of D-NMMA and L-NMMA. Therefore, the applications of either D-NMMA or L-NMMA little affected the HOKR dynamics. Mice bilaterally injected with 20 mM D-NMMA were exposed to 1 hr of sustained screen oscillation by 15°at 0.17 Hz (7.9°/sec), which induced significant increase in the HOKR gain from 0.39 ± 0.02 to 0.45 ± 0.03 (mean ± S.E., n = 12, P < 0.005 by Student's t-test) (Fig. 2B) . After 2 days, we injected 20 mM L-NMMA bilaterally and exposed them to 1 hr of sustained screen oscillation. The HOKR gains remained unchanged from 0.41 ± 0.02 to 0.42 ± 0.02 (n = 12, P > 0.80 by Student's t-test; Fig. 2B ). After 2 days, these mice were again exposed to 1 hr of sustained screen oscillation. These mice showed significant increase in the HOKR gain from 0.39 ± 0.02 to 0.50 ± 0.03 (n = 12, P < 0.005 by Student's t-test) in this recovery test (Fig. 2B) , which indicates that these mice did not receive chronic tissue damage by multiple insertion of injection needles. Thus, the data from these pharmacological experiments suggest that cerebellar NO is essential for the adaptation of the HOKR.
nNOS
‫/‬ Mutant Mice Revealed an Impaired Adaptation of the HOKR We then analyzed nNOS −/− mutant mice, to examine whether nNOS is the major source for cerebellar NO. As shown in Figure 3A , the HOKR gains of mutant mice were almost the same as those of wild-type mice at 2.6°/sec, 3.5°/sec, and 5.2°/sec of maximum screen velocities but larger than that of wild-type mice by 0.09 only at 10.5°/sec (P < 0.05 by Student's t-test) . Concomitantly, the lags of the HOKR phases in mutant mice were smaller than those in wild-type mice by 2.0°-4.6°at all screen velocities (P < 0.005 by two-way ANOVA; Fig. 3B ). On the contrary, as shown in Figure 3 , C and D, the HVOR gains and phases were similar (P > 0.10 by two-way ANOVA) and showed a stimulus frequency dependency in both wild-type and mutant mice. Stimulus frequency dependency of the HVOR has been reported by De Zeeuw et al. (1998) . The HVOR gains and phases in this study were different from those of C57BL/6 mice reported previously (Katoh et al. 1998 ). This may be due to the effects of visual inputs derived from the checked-pattern screen placed around the turntable during the measurements of the HVOR. Even under dark conditions, small visual inputs from the stationary screen could modulate the HVOR. This is the reason why the high gains and low phase lags were observed in the HVOR in our previous study. In the present study, we replaced the 
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checked-pattern screen to a black monotone screen and paid much attention to eliminating the artifacts from such small visual inputs during the measurement of the HVOR.
The adaptability of HOKR was tested at 10°and 0.17 Hz (5.2°/sec) of screen oscillation. At this screen velocity, no difference was seen in the HOKR gain measured just before sustained screen oscillation between mutant (0.48 ± 0.01, n = 12) and wild-type (0.48 ± 0.01, n = 8) mice. One hour of sustained screen oscillation significantly increased the HOKR gain in wild-type control littermates from 0.48 ± 0.01 to 0.55 ± 0.02 (n = 8, P < 0.005 by Student's t-test) (Fig. 4A,B) . However, 1 hr of sustained screen oscillation affected little on the HOKR gain in mutant mice from 0.48 ± 0.01 to 0.51 ± 0.02 (n = 12, P > 0.05 by Student's t-test) (Fig. 4A,B) . Thus, the adaptation of the HOKR was impaired in nNOS −/− mutant mice.
Estimation of Retinal Slips Necessary for the Adaptation of the HOKR in Mice
Our previous study showed that 1 hr of sustained screen oscillation by 10°at 0.17 Hz (maximum screen velocity; 5.2°/sec) increased the HOKR gain, whereas those by 5°at 0.11 Hz (1.7°/sec) did not affect the HOKR gain in C57BL/6 mice (Katoh et al. 1998) . Furthermore, in this study, 1 hr of sustained screen oscillation by both 10°at 0.17 Hz (Fig. 4 , data of the wild-type mice) and 15°at 0.17 Hz (7.9°/sec) ( The screen was oscillated by 5°peak to peak at 0.17 Hz (maximum velocity, 2.6°/sec), 10°at 0.11 Hz (3.5°/sec), 10°at 0.17 Hz (5.2°/ sec), and 20°at 0.17 Hz (10.5°/sec). The HOKR gains of mutant mice were almost the same as those of wild-type mice at 2.6°/sec, 3.5°/sec, and 5.2°/sec of maximum screen velocities and larger than that of wild-type mice by 0.09 only at 10.5°/sec (P < 0.05 by Student's t-test), and the HOKR phase lags in mutant mice were smaller than those in wild-type mice at all screen velocities (P < 0.005 by two-way ANOVA). The gain (C) and phase (D) of HVOR were measured by sinusoidal oscillation of the turntable in darkness. No difference was seen between wild-type and mutant mice. The HOKR gains of wild-type and mutant mice before and after 1 hr of sustained screen oscillation by 10°at 0.17 Hz. Whereas wild-type mice showed a significant increase in the HOKR gain by 1 hr of sustained screen oscillation, mutant mice did not. (**) P < 0.005; (NS) not significant by Student's t-test.
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the screen oscillation were calculated as the difference between the maximum screen and eye velocity, that is, (maximum screen velocity) × √1 − 2Gcos + G 2 (G, HOKR gain; , HOKR phase). As shown in Table 1 , sufficient retinal slips are necessary for the induction of the adaptation of the HOKR in mice, consistent with other animals. The threshold sufficient to induce the adaptation of the HOKR might be between 1.9°/sec and 2.7°/sec in the maximum retinal slip velocity. In this study, nNOS −/− mutant and wild-type control mice were exposed to the sustained screen oscillation by 10°at 0.17 Hz. At this condition, maximum retinal slip velocities were calculated as 2.7 ± 0.1°/s in both genetic groups.
DISCUSSION
In the present study, we observed that the adaptation of the HOKR induced by 1 hr of sustained screen ocillation was markedly affected by application of the NO synthesis inhibitor (L-NMMA) in the flocculus. The role of NO in cerebellar functions has been evaluated by various adaptation paradigms in many animal species by pharmacological methods. The adaptation of the HVOR was blocked by local application of hemoglobin in the subdural space of the flocculus of rabbit and monkey , and by local application of L-NMMA in the flocculus of goldfish (Li et al. 1995) . Adaptation of monkey smooth pursuit eye movement was very much depressed by application of L-NMMA or hemoglobin in the subdural space over the parafloccular area (Nagao and Kitazawa 2000) . Furthermore, the adaptation of stepping to perturbation of the velocity of the treadmill in cats was abolished by application of L-NMMA to the cerebellar cortical locomotion area (Yanagihara and Kondo 1996) . Similarly, rabbits given L-NMMA intraperitoneally demonstrated learning deficits in eyeblink conditioning (Chapman et al. 1992) . It is notable that these previous studies consistently indicate that application of these inhibitors of NO synthesis or NO scavenger markedly depressed the adaptation, but very little affected the dynamics themselves. Our study also revealed that inhibition of NO synthesis affected the HOKR dynamics very little but abolished the adaptation of the HOKR (Figs. 1 and 2) . The results of our pharmacological study are consistent with previous studies and strongly suggest that NO synthesized in the flocculus plays an essential role for the adaptation of the HOKR in mice.
As possible sources of NO in the central nervous system, three isoforms of NOS, that is, nNOS, eNOS, and iNOS, have been identified. In the cerebellum, nNOS is expressed in the granule cells, basket cells (Knowles and Moncada 1994; Kobzik et al. 1994; Rodrigo et al. 1994 ) and Bergmann glia (Schmidt et al. 1992) . eNOS is expressed mainly in the blood vessels and scarcely in the granule cells (Dinerman et al. 1994 ). The expression of iNOS seems to be very small in normal cerebellum, because iNOS is induced in the glial cells only after noxious stimuli (Murphy et al. 1993) . So, the possible source of NO essential for the adaptation of the HOKR in the flocculus is nNOS and/or eNOS. In the present study, nNOS −/− mutant mice actually exhibited very small gain changes of the HOKR during 1 hr of sustained screen oscillation that induced the adaptation of the HOKR in control littermates. Thus, nNOS appears to be a major source responsible for NO-dependent adaptation of the HOKR.
Unlike in pharmacological studies, we observed subtle changes in the HOKR dynamics in nNOS −/− mutant mice. The HOKR gains of mutant mice were slightly larger and the lags of HOKR phases were smaller than those of wild-type mice. On the other hand, no differences were seen in the HVOR dynamics between mutant and wild-type mice (Fig.  3) . The HVOR shares its neural circuitry with the HOKR both in the flocculus and vestibular nuclei. The optokinetic signals used to evoke the HOKR are mediated through the retina and accessory visual system, for example, the nucleus of the optic tract and the nucleus reticularis tegmenti pontis, to the flocculus and vestibular nuclear complex involving nucleus prepositus hypoglossi (Ito 1984) . Furthermore, lesion of the flocculus did not affect the HOKR dynamics in mice (Katoh et al. 1998 ). So, a possibility is suggested that gene targeting of nNOS may induce subtle changes in these Table 1 Maximum screen velocities are 1.7°/sec (5°at 0.11 Hz), 5.2°/sec (10°at 0.17 Hz), and 7.9°/sec (15°at 0.17 Hz). The data at 1.7°/sec and 5.2°/sec in C57BL/6 were referred to our previous study (Katoh et al. 1998) . Maximum retinal slip velocities during the screen oscillation were calculated as (maximum screen velocity) × √1 − 2Gcos + G 2 (G, HOKR gain; , HOKR phase).
. A Relationship Between the Maximum Retinal Slip Velocities and the Induction of the Adaptation of the HOKR in Mice
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www.learnmem.org precerebellar visual areas and cause slight changes in the HOKR dynamics in nNOS −/− mutant mice. One can argue that the impaired adaptation of the HOKR in nNOS −/− mutant mice may just reflect developmental abnormalities in the precerebellar circuitry but not the function of the flocculus. However, this is unlikely because of the following reasons: The difference of the HOKR gain between nNOS −/− mutant and wild-type mice was apparent at only the highest screen velocity examined in this study (10.5°/ sec). It is notable that the gain difference in the HOKR dynamics between two groups was negligibly small at the condition used for the adaptation of the HOKR (screen velocity, 5.2°/sec). Concomitantly, estimated maximum retinal slip velocities were nearly identical, 2.7°/sec in both nNOS −/− mutant and wild-type mice at this condition. The magnitude of the retinal slip velocity is thought to be the crucial factor for the adaptation of the HOKR. Furthermore, in the present and previous studies, we have consistently revealed that the adaptation of the HOKR is controlled by the flocculus in mice as well as other animals. Therefore, we suggest that the impaired adaptation of the HOKR in nNOS −/− mutant is caused by the deficits in the flocculus but not in the precerebellar regions. However, the precise answer on the role of nNOS for adaptive control of reflex eye movements may need specio-temporal specific gene knockout mice.
Conjunctive stimulation of parallel fiber and climbing fiber inputs induces LTD of parallel fiber-Purkinje cell synapses (e.g., Ito 1989) . NO is suggested to play a key role for the LTD induction in cerebellar slice (Crepel et al. 1996) . Applications of L-NMMA or hemoglobin blocked long-term desensitization of glutamate receptors on Purkinje cells (Ito and Karachot 1990) and LTD of parallel fiber-Purkinje cell synapses (Crepel and Jaillard 1990; Daniel et al. 1993) in rat cerebellar slice preparation. Furthermore, endogenous NO release in the molecular layer was observed by electrochemical NO probes in parallel with the induction of cerebellar LTD (Shibuki and Okada 1991) . NO activated soluble guanylate cyclase (sGC) (Stone and Marletta 1996) , which increased cGMP and consequently activated cGMP-dependent protein kinase (PKG). Selective inhibitor of sGC or PKG also blocked cerebellar LTD (Boxall and Garthwaite 1996; Lev-Ram et al. 1997a ) in slice preparation. Furthermore, Lev-Ram et al. (1997b) demonstrated impairment of LTD induction in cerebellar slices obtained from nNOS −/− mutant mice by whole-cell patch clamp recording. Taken together with these observations, our results support the hypothesis that cerebellar LTD underlies the adaptation of the HOKR from both pharmacological and genetical points of view.
The adaptation of the HVOR is induced by sustained visual-vestibular interactions in almost all animal species including humans and goldfish (e.g., Ito and Nagao 1991) . Several lines of experimental evidence indicate that similar neural mechanisms are used for the adaptation of the HVOR and HOKR. First, both the adaptation of HOKR [rabbit (Nagao 1983) , mouse (Katoh et al. 1998) ] and HVOR [rabbit (Nagao 1983) , monkey (Lisberger et al. 1984) ] were abolished by lesions of the flocculus. Second, a rabbit whose HOKR was adapted by visual stimulus showed coincidentally an increase in the HVOR gain (Nagao 1989b ). Third, a group of floccular Purkinje cells exhibited responses correlated well with the adaptation of both the HOKR and HVOR (Nagao 1988 (Nagao , 1989a . The role of NO for the adaptation of the HOKR demonstrated in this study provides additional similarity between the OKR and VOR.
MATERIALS AND METHODS
Animals
The experimental procedures and housing conditions were approved by the RIKEN Institutional Animal Care and Use Committee, along with the guideline of the National Institutes of Health (NIH). Mice lacking nNOS (B6,129S-Nos1 tm1Plh ) were obtained from the Jackson Laboratory (Bar Harbor, ME) and maintained at RIKEN BSI Animal Care Facility. The nNOS −/− mutants were backcrossed to C57BL/6 strain obtained from Japan Clea (Tokyo, Japan) for two generations, and the heterozygotes were intercrossed to obtain mutation homozygotes. Wild-type littermates were used as a control. Mice used in the present study had a predominantly C57BL/6 genetic background ( > 87%) and were 2-3 months old. Primers used for PCR aided genotyping were 5Ј-AAACTCTGCAGCCG-GTTCTT-3Ј and 5Ј-CCTGTCTACTGCTAATGGCT-3Ј for wild-type allele and 5Ј-CTTGGGTGGAGAGGCTATTC-3Ј and 5Ј-AGGTGAGAT- 
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GACAGGAGATC-3Ј for mutant allele (neo gene cassette). PCR cycles were run at 96°C for 1 min, 60°C for 1 min, and 72°C for 2 min for 35 cycles. C57BL/6 mice maintained in the facility were used for the pharmacological experiments.
Operations
Under pentobarbital anesthesia (Nacalai Tesque, Kyoto, Japan; 60 mg/kg body weight) in aseptic conditions, a platform for fixation of the head was built on the cranial bone by using four small screws and one long bolt fixed in place by synthetic resin. For animals subjected to local applications of NO synthesis inhibitor, small holes were made bilaterally in the bones overlying the paraflocculus. No less than 48 hr after surgery, a mouse was used for eye movement recordings.
General Eye Movement Recordings
Eye movements were recorded with an infrared TV camera for real-time eye position recording (Katoh et al. 1998) . The frontal view of the right eye was monitored by the infrared CCD TV camera (SSC-M350; SONY, Tokyo, Japan) through a cold mirror. The pupil of the right eye was illuminated by an infrared light (wavelength, 900 nm) -emitting diode and displayed on a 12-inch TV monitor (magnification, 55×). The area of the pupil was determined by the difference in brightness between the pupil and the iris. The real-time position of the eye was measured by calculating the central position of the left and right margin of the pupil at 50 Hz using a position-analyzing system (C-1170; Hamamatsu Photonics, Hamamatsu, Japan) and stored on a personal computer. The HOKR was tested by sinusoidal oscillation of the checked-pattern screen (square size 4°) by 5°-20°(peak to peak) at 0.11-0.17 Hz (maximum velocity, 2.6°-10.5°/sec) in light (illuminance, 200 lx). The HVOR was tested by sinusoidal oscillation of the turntable in the horizontal plane by 10°(peak to peak) at 0.11-0.50 Hz in darkness. More than six cycles of the evoked eye movements appearing to be sinusoidal waves, free from artifacts due to blinking and saccade, were averaged, and mean amplitude and phase were calculated by a modified Fourier analysis (Jastreboff 1979) , as described previously (Nagao 1990 ). The mean effective diameter of the mouse eyeball was 3.4 ± 0.05 mm (mean ± S.E., n = 10) measured by a vernier micrometer in general anesthetized mice, and gain was defined as the ratio of the peak-to-peak amplitude of eye movement versus the peak-to-peak amplitude of the turntable or screen oscillation. Phase was defined as 0°when peak of eye movement matched the peak of screen oscillation in the HOKR, and when peak of eye movement was opposite to peak of turntable oscillation in the HVOR. The adaptability of the HOKR was examined by 1 hr of sustained screen oscillation by 10°at 0.17 Hz (5.2°/sec) or 15°at 0.17 Hz (7.9°/sec) in light. The HOKR was measured every 30 min.
Local Applications of L-NMMA
The experimental timetables are schematically presented in Figure  5A . Thirteen C57BL/6 mice were used. L-NMMA and N G -monomethyl-D-arginine (D-NMMA), an inactive isomer of L-NMMA, were obtained from Nacalai Tesque. The mice were mounted on the turntable surrounded by a checked-pattern screen with the head fixed and the body loosely restrained inside a small plastic cylinder. The HOKR was examined by sinusoidal oscillation of the screen by 10°and 15°(peak to peak) at 0.17 Hz (maximum velocity, 5.2°/sec and 7.9°/sec) in light. Then two microsyringes (#80135; Hamilton, Sealy, TX) with fine glass pipettes connected to the needle tips and attached to standard micromanipulators were inserted to the floccular areas bilaterally through openings (1 mm in diameter) made on the periotic capsules, which does not include any vestibular organs. These operations did not damage the canals because any anomalies of posture, for example, a head tilt, were not observed in all of these operated mice. D-NMMA (20 mM) dissolved in PBS (pH 7.4) was injected bilaterally (0.5 µl at 0.02 µl/min for each side). Then, the animals were replaced in their home cages. One hour after injection, the mice were again mounted on the turntable, and the HOKR was re-examined by sinusoidal oscillation of the screen at the same velocities. Adaptability of the HOKR was tested by 1 hr of sustained screen oscillation by 15°at 0.17 Hz (7.9°/sec) in light. Two days later, the mice were challenged again with the measurements of the gains and phases of the HOKR by sinusoidal screen oscillation at 5.2°/sec and 7.9°/sec, injection of 20 mM L-NMMA in the same manner as injection of D-NMMA, and the adaptability of the HOKR. After a further 2 days, the adaptability of the HOKR was reinvestigated using the same mice without injection to evaluate the possible effects of tissue damage due to injection. One of 13 mice failed to show any HOKR adaptability in both the D-NMMA injection and the recovery test. The data from this mouse was excluded from the statistics. To confirm the diffusibility of chemicals and reproducibility of the applications, 0.5 µl of 1% fluorescein isothiocyanate hydrochloride (FITC; Research Organics, Cleveland, OH) per PBS (pH 7.4) was injected in the same manner as D-or L-NMMA/PBS (pH 7.4) into four C57BL/6 mice. After intracardial perfusion with PBS followed by a 10% formol-PBS solution and postfixation in 10% formol-PBS solution, 40-µm-thick coronal sections were prepared using a conventional cryostat and observed under a UV microscope.
Test of nNOS ‫/‬ Mutant Mice
Twelve nNOS −/− mutant mice and eight control wild-type littermates were used. The HOKR was examined by sinusoidal oscillation of the checked-pattern screen by 5°-20°at 0.11-0.17 Hz (maximum velocity, 2.6°-10.5°/sec) in light. Th HVOR was examined by sinusoidal oscillation of the turntable in the horizontal plane by 10°at 0.11-0.50 Hz in darkness. To keep the size of the pupils constant, a drop of 1.0% pilocarpine hydrochloride solution (Sanpilo, Santen, Tokyo) was applied to the eye before measurements of the HVOR. The adaptability of the HOKR was tested by 1 hr of sustained screen oscillation by 10°at 0.17 Hz (5.2°/sec) in light.
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